Background: Although the peroneal muscles are known to be the major dynamic lateral stabilizers of the ankle, little information is available regarding the change in muscle strength and relation with the outcomes after lateral ligament repair surgery. The purpose of this study was to identify the effects of peroneal strength on the validated functional outcome measures after the modified Broström procedure (MBP) for chronic ankle instability. Methods: Forty-one patients (41 ankles) who underwent MBP using suture anchors were eligible and followed up to 2 years postoperatively. Functional evaluation consisted of the Foot and Ankle Outcome Score (FAOS), and Foot and Ankle Ability Measure (FAAM). The changes of peroneal strength were evaluated using an isokinetic dynamometer. Differences in the functional outcomes between the 3 groups divided according to the recovery rate of peroneal strength were analyzed. Results: Peak torque and total work for eversion in 60 degrees/s angular velocity significantly improved from a mean 8.1 and 5.2 Nm preoperatively to 11.4 and 6.9 Nm at postoperative 2 years, respectively (P < .001, P = .038). The deficit ratio of peak torque for eversion significantly improved from a mean 38.6% to 17.4%, and a significant side-to-side difference was found (P = .011). There were no significant differences in FAOS, FAAM, and measurements of stress radiograph between the 3 groups. Conclusions: Although restoration of peroneal strength postoperatively was about 82.6% of the unaffected ankle, patient-reported function in daily and sport activities were satisfactorily improved. Postoperative isokinetic strength of the peroneals demonstrated no statistically significant effects on the functional outcomes after MBP. Level of Evidence: Level III, prospective comparative case series.
Introduction
With a lack of demonstrable radiographic signs of instability, the quantitative evaluation method of functional instability remains unclear. 3 The manifestations of functional ankle instability include subjective complaints of an unreliable ankle (giving way), impairment in neuromuscular control (deficits of dynamic muscle balance and postural control), insufficient proprioception (delayed muscle reaction time), and weakness of the peroneal muscles. 4, 8, 10, 11, 17, 18, 23 The anterior talofibular ligament (ATFL) and calcaneofibular ligament (CFL) are the static stabilizers frequently affected in patients with chronic lateral ankle instability, and the major factor maintaining dynamic ankle stability is known to be peroneal muscle action. 6, 15, 25 Because the physiological role of the peroneal muscles as an ankle evertor is to control potentially traumatic supination-inversion movement of the ankle, both peroneal weakness and deficit of muscle reaction time can be the main factors in chronic ankle instability. and the relationship with outcomes after lateral ligament repair or reconstruction surgery.
The objective evaluation of functional instability can be useful as an indicator of the recovery for patients with either an acute ankle sprain or chronic functional instability who underwent conservative treatment or with a rehabilitation program after operative treatment. In the current study, we evaluated the peroneal strength using an isokinetic dynamometer, which is known to be the most accurate tool to measure muscle strength, 13 and attempted to supplement a lack of demonstrable radiographic signs of functional ankle instability. To our knowledge, few studies have quantitatively analyzed the relationship between peroneal muscle function and outcomes after ankle stabilization surgery. The purpose of this prospective study was to determine the effects of peroneal strength on the validated functional outcome measures after the modified Broström procedure for chronic ankle instability.
Methods
Between May 2013 and July 2014, 62 patients (65 ankles) with chronic lateral ankle instability consecutively underwent the modified Broström procedure using suture anchors. Among these, 48 patients (48 ankles) compatible for inclusion and exclusion criteria were enrolled in the current study. Eventually, 41 patients (41 ankles) who could be followed up to 2 years postoperatively were analyzed ( Figure 1 ). The inclusion criteria for the current study were (1) patients with subjective ankle instability including giving way, (2) patients with repeated sprains for ≥6 months, (3) patients with marked ankle instability confirmed by the manual varus and anterior drawer stress test as compared to the contralateral ankle, and (4) patients with at least 3 months of failed rehabilitation before surgery. The exclusion criteria were: (1) patients with previous operative history involving the lateral ankle ligaments, (2) patients with pathology of the peroneal tendons or muscles confirmed on MRI, (3) patients who underwent surgery for bilateral instability, (4) patients with abnormal foot alignment such as cavovarus, (5) patients with generalized ligamentous laxity (Beighton score ≥ 5 points), and (6) patients with concomitant osteochondral lesion that needed operative procedures beyond simple arthroscopic synovectomy or debridement. The study protocol and investigation were conducted with institutional review board approval, and written informed consent was obtained.
The mean age of the patients was 32.2 years (range, 19-46 years), and the mean length of follow-up was 24.5 months (range, 24-26 months). The current study included 26 male and 15 female patients. The causes of initial injury included 22 cases of slip and fall injuries during ambulation, 16 cases of sports-associated injuries, and 3 cases of traffic accidents. Twenty-eight patients were participants in recreational sports activity. In addition, there were 6 heavy laborers and 3 high-demand athletes (2 basketball and 1 wrestler).
Operative Procedure and Rehabilitation Protocol
Concomitant arthroscopic procedure was carried out as needed. Along the anterior and inferior borders of the lateral malleolus, a curved skin incision was made. The ATFL and CFL were divided 3 mm from the fibular margin. The fibular periosteum was carefully dissected from the anterior and distal margins of the lateral malleolus. The ATFL and CFL repair was performed using 2 metallic suture anchors (3.5 mm in diameter). The fibular periosteum was overlapped at the attachment site of the lateral ligaments, and the inferior extensor retinaculum was imbricated.
For 4 weeks postoperatively, a short leg cast and nonweight bearing ambulation with crutches were maintained. Thereafter, range of motion (ROM) exercises and partialweight bearing ambulation with an elastic ankle bandage were encouraged. Full-weight bearing was permitted from postoperative week 6, followed by peroneal muscle strengthening exercises and proprioception training. A return to exercise at the preinjury level was permitted on confirming recovery of ankle stability through physical examination and stress radiography at 3 months postoperatively.
Functional and Radiologic Evaluations
Two validated functional outcome tools were used to evaluate the postoperative outcomes. The Foot and Ankle Outcome Score (FAOS) 21 is a patient-reported outcome measure (PROM) that consists of 42 questions and 5 subscales evaluating pain, other symptoms, activities of daily living, sports activities, and quality of life. The Foot and Ankle Ability Measure (FAAM) 16 is also a self-estimated test composed of 2 subscales evaluating activities of daily living (21 questions) and sports activities (8 questions). These scores were measured prior to surgery and at 6 months and 2 years postoperatively. Results were reported as scores on the basis of 100 points.
Through standardized anterior drawer and varus stress radiographs using Telos equipment, the talar tilt angle and degree of anterior talar translation were independently measured by 2 orthopedic surgeons. This was repeated 3 times using a digital PACS image system and subsequently averaged.
Isokinetic Muscle Strength Evaluation
Isokinetic muscle strengths of both ankles for dorsiflexion, plantarflexion, inversion, and eversion were evaluated prior to surgery, at 6 months and 2 years postoperatively. The peak torque normalized to body weight, total work, and deficit ratio were measured with the Biodex-II isokinetic dynamometer (Biodex medical systems, Shirley, NY, USA) at 2 speeds: 60 and 120 degrees/s angular velocities. The same physical therapist was used throughout the study. All patients were seated on a testing bench and the knee joint was positioned in 10 degrees of flexion to minimize unnecessary tibial rotation. 12 With the ankle joint in 10 degrees of plantarflexion, the foot was firmly strapped on the foot paddle using crisscrossed Velcro tapes across the dorsum of the foot. Five practice movements were performed before examination to allow the patients to warm up. Isokinetic testing was performed by first examining the contralateral (unaffected) side and then the affected side. Consistent verbal encouragement for maximal effort and manual stabilization of the knee were provided to subjects throughout the examination. Peak torque represented the maximal force applied at any time during 5 successive repetitions at 60 degrees/s and 10 repetitions at 120 degrees/s. Total work represented the average amount of force produced during repetitive motions. Deficit ratio of muscle strength relative to the unaffected side was analyzed and multiplied by 100 to obtain a percentage (%). The recovery rate of peroneal strength was defined as "100% minus deficit ratio" in peak torque (60 degrees/s angular velocity) for eversion at 2 years postoperatively. All patients were divided into 3 groups according to the recovery rate of peroneal strength. Group A included the patients with a recovery rate of ≥85%, group B with a recovery rate ≥70% and <85%, group C with a recovery rate of <70%.
Relationship Between Isokinetic Peroneal Strength and Functional Outcomes
A power analysis was performed to compare the functional outcomes between the groups divided according to the recovery rate of peroneal strength. We calculated that an allocation of 12 patients into each group would provide 80% power to compare the validated functional outcome measures (FAOS or FAAM) at postoperative 2 years. The 95% confidence interval (a type I error rate of 0.05) was used to analyze whether the difference in the FAOS or FAAM at postoperative 2 years was within a margin of noninferiority. The set margin of noninferiority was −5 points (a delta of 5 points in the FAOS or FAAM) and the estimated dropout rate was 10%. Eventually, the sample size required to make statistically significant results was 13 to 14 patients in each group.
Statistical Analysis
The statistical analysis was performed using SPSS program (version 20.0; IBM Corp, Armonk, NY), and P values <.05 were considered statistically significant. Differences of functional and radiologic outcomes between before and after operative treatment in the same individuals were analyzed using Wilcoxon signed-rank test. Side-to-side comparison of isokinetic muscle strength was performed using a Mann-Whitney test. Differences in the functional and radiographic outcomes (FAOS, FAAM, and stress radiography) between the 3 groups divided according to the recovery rate of peroneal strength were analyzed using analysis of variance with a post hoc test.
Results

Functional and Radiologic Outcomes
FAOS was significantly improved from a mean 68.8 points preoperatively to 91.9 points at 2 years postoperatively (P < .001). Through comparison of each subscale, there were statistical differences in all 5 subscales between pre-and postoperative FAOS (Table 1) . FAAM was significantly improved from a mean 53.9 points preoperatively to 90.1 points at 2 years postoperatively (P < .001). There were statistical differences in both subscales between preoperative and postoperative FAAM. Two (4.9%) of the 41 cases presented with recurrence of subjective and mechanical instability. On stress radiography, talar tilt angle was significantly improved from a mean 13.8° preoperatively to 3.7° at 2 years postoperatively (P < .001). Anterior talar translation was significantly improved from a mean 12.4 mm preoperatively to 4.1 mm at 2 years postoperatively (P < .001) ( Table 2) .
Changes of Isokinetic Muscle Strength
The detailed measurements of isokinetic muscle strength of the ankle are shown in Table 3 . Peak torque for eversion at 60 degrees/s angular velocity was significantly improved from a mean 8.1 Nm preoperatively to 11.4 Nm at 2 years postoperatively (P < .001). Peak torque for eversion at 120 degrees/s was significantly improved from a mean 6.8
Nm preoperatively to 8.9 Nm at 2 years postoperatively (P = .005). Total work for eversion at 60 degrees/s was significantly improved from a mean 5.2 Nm preoperatively to 6.9 Nm at 2 years postoperatively (P = .038).
Side-to-Side Comparison of Isokinetic Muscle Strength
The detailed measurements of isokinetic muscle strength compared with the contralateral (unaffected) ankle are shown in Table 4 . The relative deficit ratio of peak torque for eversion at 60 degrees/s angular velocity was significantly improved from a mean 38.6% preoperatively to 17.4% at 2 years postoperatively, and a significant side-toside difference was found (P = .011). Preoperative significant differences in peak torque at 120 degrees/s (deficit ratio of 29.9%) and total work at 60 degrees/s (deficit ratio of 26.8%) for eversion returned to within nonsignificant differences at 2 years postoperatively (deficit ratio of 7.3% and 9.2%, respectively).
Effects of Peroneal Strength on the Functional and Radiologic Outcomes
According to the recovery rate of peroneal strength at final follow-up, there were 13 patients in Group A, 17 in group B, and 11 in group C. There were no statistically significant differences in all 5 subscales of the FAOS between the 3 groups (P > .05) ( Table 5 ). There were no significant differences in both subscales of the FAAM between the 3 groups (P > .05). Two patients with recurrent ankle instability in the current study belonged to group B and group C, respectively. The power of the statistical test regarding the postoperative recurrence rate was insufficient because of a limited sample size. On comparison of the measurements of stress radiography at final follow-up, no significant differences in talar tilt angle and anterior talar translation were found between the 3 groups (P > .05). Therefore, the postoperative recovery rate of peroneal strength demonstrated no statistically significant effects on functional and radiologic outcomes after the modified Broström procedure.
Discussion
This prospective study reports the changes of peroneal strength after the modified Broström procedure (MBP) for chronic ankle instability in 41 patients with follow-up ≥2 years, and the relationship with validated functional outcome measures. The most important finding of this study was that postoperative isokinetic muscle strength of the peroneals demonstrated no statistically significant effects on the functional outcomes after MBP. The peroneal strength was significantly improved on intermediate-term follow-up after an anatomical lateral ligament repair (MBP). However, there were still significant differences in peak torque and total work as compared to the unaffected (contralateral) ankle. Although restoration (recovery rate) of the peroneal strength postoperatively was about 82.6% of the unaffected ankle, patient-reported function in daily and sport activities was satisfactorily improved. With regard to the clinically applicable and quantitative evaluation methods of functional ankle instability, there are several published studies. 4, 7, 8, 14, 19, 24 Gribble et al 7 have reported that aspects of neuromuscular control can be quantified through measures of postural control. Recently, Doherty et al 4 found that patients with chronic ankle instability were characterized by dynamic balance deficits as measured using the star excursion balance test (SEBT) in comparison to a normal group and lateral ankle sprain copers. Li et al 14 reported that the single-limb postural sway test was a useful parameter for evaluating the ability to maintain postural balance during quiet standing. DiGiovanni and Brodsky 3 reported that proprioception can be tested with the modified Romberg test 12 or by measuring passive joint position sense with a isokinetic dynamometer. However, no consensus exists regarding what method is clinically the most correlated with chronic ankle instability. Previous studies 2, 10, 12, 15, 22, 25 have mainly reported that dynamic muscle imbalance is a risk factor resulting in subsequent instability and on the effectiveness of neuromuscular rehabilitation in patients with acute sprain injury or non-operatively treated chronic ankle instability. In contrast, little information is available in regard to the changes of muscle strength and relationship with the outcomes after lateral ligament repair or reconstruction surgery. With regard to any impact of operative treatment on functional ankle instability, Li et al 14 reported that postural control was improved after lateral ankle ligament reconstruction (MBP) in patients with mechanical ankle instability. Halasi et al 9 found that differences in joint position sense (proprioception) between healthy and injured ankles disappeared after ankle stabilization surgery. Results of the current study indicate that complete restoration of the peroneal strength through the MBP may be difficult to achieve but not an essential factor to achieve the best postoperative functional outcomes.
The peroneal muscles support hindfoot alignment during the stance phase and maintain appropriate positioning of the foot prior to initial contact in gait. 5 Deficits in peroneal strength are known to be associated with impairment of proprioception, contributing to chronic lateral ankle instability. In the rehabilitation program following lateral ankle ligament injury or surgery for chronic ankle instability, restoration of ankle stability through strengthening exercises of the peroneals is considered an important factor for successful outcomes. 3, 20 We performed periodic isokinetic strength tests to identify whether peroneal strength is a meaningful predictor for the functional outcomes after the MBP. On preoperative examination, patients with chronic lateral ankle instability had peroneal weakness of approximately 38.6% compared to the unaffected side. The difference (deficit ratio) in peroneal strength decreased to 29.1% at 6 months postoperatively, and 17.4% at 2 years. Although these results indicated a significant side-to-side difference in postoperative peroneal strength, there were no statistically significant differences in the FAOS, FAAM, and measurements on stress radiography between the 3 groups divided according to the recovery rate of peroneal strength at final follow-up. Therefore, we did not find a definitive effect of the peroneal strength on functional and radiologic outcomes after the MBP for chronic ankle instability. Despite satisfactory functional outcomes in the current study, further studies in other cohorts (high-demand athletes, heavy laborers, obese patients with high body mass index, etc) are needed to identify whether a mean 82.6% of peroneal strength is adequate to achieve the best postoperative outcomes in all patients with chronic ankle instability. In addition, the other factors such as sufficient proprioception, appropriate neuromuscular control and muscle balance may be more important than the peroneal strength on postoperative functional outcomes. Many authors 1, 12, 25 emphasized that an evertor-to-invertor strength ratio can be an important indicator to evaluate the patients with chronic ankle instability, because coactivation of an antagonistic muscle group has been identified as a factor influencing dynamic joint stability. Wilkerson et al 25 suggested that restoration of optimal invertor muscle performance was a more important consideration than peroneal weakness in the rehabilitation of inversion ankle sprain. Baumhauer et al 1 reported that increased eversion/ inversion peak torque ratio was a risk factor for recurrent ankle instability. Despite variability of details in isokinetic examination among authors, the optimal evertor/invertor peak torque ratio has been reported to be between 0.7 and 0.9 at 30 degrees/s and 0.65 and 0.85 at 120 degrees/s. 1, 12, 25 The findings of the current study are partially in contradiction to previous reports, as the deficit ratios (38.6% at 60 degrees/s and 29.9% at 120 degrees/s) of peak torque for eversion on preoperative examination were significantly higher than those (13.5% and 11.4%) for inversion. However, the postoperative evertor/invertor peak torque ratios were 0.71 at 60 degrees/s and 0.73 at 120 degrees/s, similar to those reported by other authors. These findings indicate the restoration of strength imbalance as well as strength deficit after the modified Broström procedure for chronic ankle instability.
The present study has some limitations. First, this study has been performed in patients who underwent the MBP using suture anchors. Although no definitive difference in mechanical or functional stability between the various ligament reattachment techniques of the MBP has been reported, the changes of peroneal strength after the bone tunnel technique or periosteal suture technique may be different to the results of this study. Second, this study included an equivalent rehabilitation protocol which was supervised by physical therapists for 3 months after surgery. Although continuous peroneal strengthening exercises and proprioception training were recommended, we could not be certain of compliance with the suggested rehabilitation after 3 months. Third, this study included no evaluation regarding the changes of proprioceptive deficit after lateral ligament repair surgery. At the planning stage of the current study, we did not consider proprioception as one of the important factors tested through an isokinetic dynamometer.
Conclusion
The peroneal strength was significantly improved on intermediate-term follow-up after anatomical lateral ligament repair (modified Broström procedure using suture anchors). However, there were significant side-to-side differences in peak torque and total work. Although restoration of peroneal strength postoperatively was only about 82.6% of the unaffected ankle, function in daily and sport activities were satisfactorily improved. Postoperative isokinetic muscle strength of the peroneals demonstrated no statistically significant effects on the functional outcomes after modified Broström procedure for chronic ankle instability.
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